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I would l i k e  t o  present a small argument t o  show why I th ink  t h a t  f l u x  annih i la -  
t i o n  i s  not as important i n  c r e a t i n g  i n s t a b i l i t i e s  as i s  sometimes impl ied l  and was 
mentioned t h i s  morning. 

W e  look a t  a region in s ide  t h e  superconductor where f l u x  l i n e s  i n  one d i r e c t i o n  
(pos i t ive)  a r e  rep lac ing  f l u x  l i n e s  i n  t h e  oppos i te  d i r e c t i o n  (nega t ive ) ,  i .e . ,  anni- 
h i l a t e  each o t h e r  (such a s i t u a t i o n  i s  i l l u s t r a t e d  i n  F ig .  l a  f o r  a plane s l a b  geom- 
e t r y ) .  We must remember the  following: From our b a s i c  knowledge of  type I1 supercon- 
duc tors  we have t o  conclude t h a t  a Meissner reg ion  w i l l  s epa ra t e  t h e  r eg ions  between 
pos i t i ve  and negat ive  f lux .  The Meissner region,  of course ,  is bounded by London 
penet ra t ion  su r faces  which sh ie ld  the  i n t e r i o r  completely from t h e  ad jacen t  magnetic 
f i e l d  which has  a value of H,1 a t  the boundary. We want t o  answer two ques t ions :  
What i s  the  mechanism by which t h i s  Meissner reg ion  travels inwards a s  t h e  ex te rna l  
f i e l d  increases? HOW f a r  apa r t  are the  boundaries  or how t h i c k  (= 2p)  i s  t h e  region? 

The superconductors under cons idera t ion  he re  a lways show f lux  pinning,  otherwise 
a f i e l d  p r o f i l e  of the type given i n  Fig.  1 cannot arise. Pinning, be ing  a de fec t -  
connected proper ty  is probably not  very uniform and consequent ly  w e  have t o  imagine 
t h a t  the boundary of the Meissner reg ion  may be q u i t e  rough and f u l l  of  bumps and 
pro t rus ions ,  e tc . ;  t h i s  w i l l  not a f f e c t  t he  b a s i c  i d e a s  of t h e  argument. 

A f i t t i n g  way of looking a t  fo rces  connected w i t h  f l u x  l ines  s i n  terms of the  

B i n  terms of d e n s i t y  n of f l u x  l i n e s )  and a l o n g i t u d i n a l  t ens ion  a l s o  of B2/8n. We 
experience these  forces  as repuls ion  between two equa l  magnet po les  o r  as a t t r a c t i o n  
between two oppos i te  poles ,  and i f  w e  cons ider  t h e  f o r c e s  t r ansmi t t ed  through the 
median plane between the two poles  w e  f i n d  t h e  p re s su re  between p a r a l l e l  f l u x  l i n e s  
i n  one case and the  rension along f l u x  l i n e s  i n  t h e  o t h e r .  The f l u x o i d s  then repel  
each other  wi th  a force  inve r se ly  propor t iona l  t o  t h e i r  d i s t a n c e  and t h e  r e s u l t i n g  n e t  
fo rce  due t o  t h e  gradient  i n  f luxoid  d e n s i t y  (equivalent t o  dB/dx) is j u s t  l a rge  enough 
t o  overcome pinning and keep t h e  f luxoids  moving w h i l e  t h e  ou t s ide  H i nc reases  with 
dH/dt. A t  t he  Meissner reg ion  boundary e x i s t s  a p r e s s u r e  of Hc1/8rr which i s  countered 
by what has been ca l led  t h e  London pressure ;  bu t  of s p e c i a l  i n t e r e s t  h e r e  i s  the longi -  

2 t ud ina l  tens ion  of n ~~1'877 i n  d f l u m i d , '  which a l lows  us  t o  th ink  of i t  as i f  i t  were 
a s t re tched  rubber  band. I f  such a band i s  bent around a r a d i u s  of cu rva tu re  p ,  a 
l a t e r a l  p ressure  (n  4!8np) i s  c rea ted  which a l s o  can overcome pinning.  

Maxwell t ensor .  It c o n s i s t s  of a la teral .  p ressure  of B2/8n = n 2 i  cpO/8n ( i f  we express  

2 

1. See C.R .  Wischmeyer, Phys. Rev. 154, 323 (1967); t h e  present  argument was a 
p r iva t e  r e p l y  t o  a d i scuss ion  of t he  Meissner r e g i o n  ("Interface")  i n  t h i s  
paper and i n  defense of  B statement i n  the  last  paragraph of a paper by the  
author [Phys. Rev. 161, 404 (196711 then i n  t h e  process  of pub l i ca t ion .  

The t o t a l  f luxoid  l i n e  energy i s  given as (~.+,/4nh)~ In  A/5 i n  P.G. deGennes 
and J .  Matricon, Rev. Mod. Phys. 36, 45 (1964). 

2. 
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A whole sequence, of two fluxoids annihi la t ing each othe-r i s  i l l u s t r a t e d  i n  Fig. 2, 
the various stages numbered 1-5: 

1. The t w o  opposing fluxoids a r e  separated by the Meissner region 
which s h i e l d s  t h e i r  mutual a t t r a c t i o n .  * .  

2. With the  outer  fluxoid moving c loser  (because of dH/dt on the 
outside) the  mutual a t t r a c t i o n  s t a r t s  deforming the fluxoid p a i r  
in  places where pinning has minima. 

. 3 & 4 .  Further deformation leads t o  coalescence of the  fluxoids under 
the formation of sections with radius of curvature p .  

5. With P being small enough f o r  the l i n e  tension t o  overcome pin- 
ning t h e  curved sect,ions move away from each other,  thus annihi-  
l a t i n g  two f l u x  l i n e s .  The s tage is set f o r  a repeat of the 
same sequence. 

The Meissner region moves deeper i n t o  the specimen by gradual r e d i s t r i b u t i o n  of 
f l u x  a s  indicated i n  Fig.  lb-d. Figure l b  shows the s i t u a t i o n  immediately a f t e r  the  
annih i la t ion  process leaving the Meissner boundary at a slightl 'y h'igher f i e l d  than H,.. 
Figure IC shows what kind of f lux movement cor rec ts  t h i s  s i tua t ion .  The l e f t  s ide  
admits f lux  through t h e  surface,  leaving H outside unchanged; the r i g h t  s ide r e d i s t r i b -  
u tes  the  flux, leaving t h e  t o t a l  f lux  inside the  specimen constant. The r e s u l t  is a 
somewhat larger  thickness  (> 2p) of the Meissner region (corresponding t o  s tage 1 of 
Fig.  2) .  Figure Id: f u r t h e r  r ise i n  the outs ide f i e l d  by AH w i l l  reduce the thickness  
t o  2 p ,  and by comparison with Fig. l a  the Meissner region.has moved a small distarice. 
The next annihi la t ion takes  place. 

I n  t h i s  whole mechanism there are never more than one fluxoid p a i r  involved. The 

This  heat  per uni t  volume may be somewhat d i f f e r e n t  from t h e  corres-  
energy d iss ipa t ion  due t o  annihi la t ion w i l l  of course be released a s  heat i n  the 
Meissner region. 
ponding value in  o ther  p a r t s  of the shielding region where i t  comes from the ordinary 
pinning d iss ipa t ion  and t h i s  may cons t i tu te  more or  less of a disturbance of the pin- 
ning equilibrium. But  on the whole the process i s  not so di f fe ren t  i n  character from 
t h e  ordinary growth of a shielding layer (without negative flux present) and the 
c r i t e r i o n  f o r  i n s t a b i l i t y ,  i..e., the question whether the  whole shielding region is  
in a s t a b l e  or  unstable  equilibrium, may be marginally modified but remains unchanged 
i n  pr inciple .  
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Fig. 1. Motion of the boundary of the Meissner region during flux annihilation. 

Fig. 2, The 
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process of flux annihil .at ion. 
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